INTRODUCTION
Supernumerary or B chromosomes have been reported in a large number of plant species (LovE and LovE 1961) . They have been, in particular, studied in the grass family Gramineae (tribe Triticeae) and found to possess properties, such as nondisjunction in the pollen mitosis, or, more rarely, in the first mitosis of embryosac division (HAKANSON 1948) . In addition, they show considerable variation regarding their number and stability (BOSEMARK 1957; MtiNTZING 1958; BATTAGLIA 1964) .
Among Gramineae, B chromosomes have been observed fairly frequently in certain species, mostly outbreeders, such as Secale cereale (MtiNTZING 1958 (MtiNTZING , 1967 , Zea mays (RANDOLPH 1928 b; BLACKWOOD 1956) and Dactylis glomerata (SHAH 1963; PUTEYEVSKY and ZOHARY 1970) . On the contrary, they do not seem to occur so frequently in other genera of the tribe. This is the very case in Aegilops. Till recently, B chromosomes had been reported only by MocHIZUKI (1957) in Aegilops mutica (outbreeder) and by CHENNAVEERAIAH and LovE ( 19 59) in two other species, namely Aegilops columnaris and Aegilops cylindrica (inbreeders).
One of the present authors, having studied meiotic behaviour in six strains of Aegilops speltoides, of different geographical origin, found in a particular strain, (G-1045), one single plant showing the constant presence of a B-bivalent in all sporocytes analysed. The paired chromosomes looked subterminal, almost telocentric, apparently shorter than the normal members of the complement and possibly unstable, since there was a complete absence of B's in root-tips of seedlings produced by the above plant (Coucou and PAPOGLOU, in press ).
[ Caryologia, Vol. 26, n. 2, 1973 In order to obtain some further data towards elucidating the problem, progenies of the above particular individual (G-1045-2) were used, in an attempt to trace the route of transmission through EMCs and give more definite information about accumulation or elimination of B's. For comparative reasons, we included in the experiment progenies of other plants from the same initial strain, but in which no supernumeraries had been found, and, in addition, offspring of other strains from the original population without B chromosomes either.
While this work was under way, a paper dealing with supernumerary chromosomes found in two out of five Aegilops speltoides Israeli populations was published (SIMCHEN, ZARCHI and HILLEL 1971) . These authors, having examined meiosis in PMCs associated their findings with the similar case of Aegilops mutica studied by MocHIZUKI (1957) and implied a possible connection between outbreeding and B-chromosomes. However, they insisted upon the stability of supernumeraries by contrast to MocHI-ZUKI, who observed B chromosomes of Ae. mutica as markedly unstable. It should be mentioned that the latter examined various other parts of the plants, apart from PMCs. On the other hand our preliminary work with root-tips gave evidence of unstable B-chromosomes in Aegilops speltoides.
Thinking that further investigation needs still to be made on the subject, we carried on with our project.
MATERIALS AND METHODS
All material * used in this work was derived from five mother plants, va· rying either in chromosomal constitution or in populational origin.
Identity and origin of mother plants.

1045-2 (With two B chromosomes in PMCs
Unknown origin. Received from Japan. Ten seeds were germinated per maternal plant; chromosome counts of five root-tip cells per resulting plantlet failed to show the existence of any supernumerary chromosomes.
The plants were subsequently put to grow in a growth chamber where the temperature was at 20° ± 0.5 and the duration of ligth 12~> at the beginning of the growing period (one month) and 16• later. (Cycling system).
In the progeny of each plant, five plants were selected for meiotic studies. Spikes were collected in 1: 3 acetic-alcohol from three to five tillers per plant, and anthers subjected to Feulgen procedure of fixation and staining to make permanent slides. Sporocytes (PMCs) were mostly scored at MI, supplemented by observations at AI and All as well as in quartet stage. A total of cells ranging between 100-150 derived from five slides, have been analysed per plant, for presence of B-chromosomes.
RESULTS
A. Group G-1045-2. All progenies of plant G-1045-2 contained supernumerary chromosomes in their PMCs. However, in contrast to the regular occurrence of a B bivalent in the initial plant, there was considerable inter-and intra· plant variation with respect to the number of B chromosomes present in the PMCs of its progeny.
Three of the five plants contained 3 supernumeraries at a percentage higher than 50% of PMCs, one had a frequency significantly lower than 50%, whereas another plant was cytologically identical to the maternal plant, since it carried 2B chromosomes ( 8 bivalents: 7" + 2B) in all its sporocytes.
Data, in detail, have as following:
A total of 116 cells, taken from five tillers, was scored. A proportion of 57.50% (Table I) of PMCs contained 3 supernumerary chromosomes, forming either one bivalent with one univalent, or, more usually, one trivalent (Fig. 1 ) . The morphology of the B chromosomes was typical, i.e. the chromosomes were shorter than the normal ones, and had a subterminal position of centromere (Fig. 2) . Apart from the trivalents, chain or pan-trivalents in configuration, a heteromorphic bivalent (heterobiva· lent) was observerd at a percentage of 20.8% of PMCs analysed. The one member of it resembles a telocentric (Fig. 3 ). This heterobivalent showed considerable variation, occasionally appearing like a linear trivalent. At AI B's lagged at the equatorial plate. Among 22 cells, scored at ana· phases, 2 cells formed sticky bridges without fragments.
The observed numerical variability of B's included differences among tillers at the intraplant level. In one tiller a lower frequency of cells with three supernumeraries (7" + 3B) was found and a higher one with a extra bivalent (7" + 2B).
Plant G-1045-2-2.
One hundred and fifty cells (150) from five tillers. Four of them were alike in meiotic behaviour characterised by presence of 3 B's in a proportion exceeding 50% of PMCs scored. Sporocytes containing one supernumerary trivalent were found as frequently as cells carrying one bivalent and one univalent (Fig. 4 ) . Trivalents varied in form, usually appearing as pan-trivalents (a normal and a triple chiasma, Fig. 5 ) or as Y-trivalent (one triple chiasma). Chain trivalents were rather rarely observed. Heteromorphic configurations were found less frequently than in the first plant (8.70%, Fig. 6 ). The same holds for PMCs containing 8 bivalents (7" + 2B). In one case three trivalents, not consisting of typical supernumeraries, were noticed (Fig. 7) . Thus, the situation here appears more irregular and the meiotic spectrum fairly disordered including a high proportion of. deviating cells. Consequently, the balance of B chromosomes, as regarding both number and form, becomes ambiguous.
Plant G-1045-2-8.
One hundred and fifty cells were scored, taken from five tillers. All of them showed the typical configuration (7" + 3B) at a percentage of 64.20% (Fig. 8) . There was noticed a higher proportion of cells with one bivalent and one univalent than of cells containing trivalents (3: 2 ). Heteromotphic bivalents occurred as frequently as 10% (Fig. 9 ). 
Plant G-1045-2-10.
Number of PMCs analysed 121. This plant presented a fairly different meiotic spectrum. Here the proportion of cells, which contained 7 normal pairs plus 3 supernumerary chromosomes, was relatively low, ranging between 0 and 25% (average frequency 14.5% ). The rest of the cells were extremely variable (deviating), the number of chromosomes being occasionaly smaller than 14, but usually reaching higher values, such as 18 or 19, without clear distinction of typical supernumeraries (Fig. 10 ). There were found atypical long chromosomes, whereas, two trivalents in the same cell, or one quadrivalent, have been scored. Fig. 11 shows one cell including two trivalents. One is apparently a pan-trivalent cons1stmg of 3B's but we cannot categorically identify the chromosomes of the se· cond trivalent and the two univalents. It seems that there are 4 supernumeraries in this plate. Another characteristic effect noticed in this plant was the frequent occurrence of univalents. (Figs. 11 and 12 ). Considering the plenomenon as a result of partial asynapsis, we cannot account for the presence of multivalents ( 11.5%) which is evidence of high pairing. Actually, this plant did not set any seed and it represented a largely heterogeneous and unbalanced situation. Supernumerary chromosomes formed usually a rod-bivalent. It seems that a pair of B homologues represents a balanced cytological condition, by contrast to the increased number of B's (in particular the old one) which probably leads to breakdown of the normal behaviour.
The results can be summarised according to the data given by the following table: A total of 587 cells, taken from five plants (progenies of the same mother plant), have been analysed. The most frequent cytological configuration was that of PMCs containing 17 chromosomes, that is 7 normal bivalents plus 3 supernumeraries (B chromosomes), very often observed in the form of a B trivalent. The average frequency of this prevalent configuration was 46.72%, representing the majority of plants and cells. Therefore, a tendency seems to exist in favour of accumulation of B's, noticed in four of the plants studied.
As evident by statistical analysis, the situation was the same in the three plants, where the frequency of supernumeraries exceeded 50%, by contrast to the fourth plant, which showed a significantly lower value (14.50% ).
The frequency of sporocytes sharing the same meiotic spectrum as the maternal plant was, in average, 24.32%, yet we should take into consideration a striking inter-and intraplant variation, i.e. plant 1045-2-21 being identical with the initial plant. The same holds for heterobivalents and otherwise deviating cells.
If the B chromosomes were distributed in a regular fashion a much larger percentage of cells than the averagely observed 2.20% (included in « deviating cells ») would have been expected to contain one B chromosome only (7 + 1B, 15 chromosomes).
B. Comparative observations from the other groups.
This investigation included 40 plants, progenies of the collected, mentioned parents 1045-4, 1045-6, 1080-7 and 943-7. Among them, 20 plants have been analysed and scored in detail, whereas the rest were just tested for meiotic configurations (Table II) .
The results came from the analysis of 1560 cells. They all showed a fairly normal meiotic spectrum. Every PMC c;ontained 7 normal biva- (Fig. 13 ) . In addition, the observed proportion of univalents seemed to be limited, ranging between 2 and 4% in the different groups. In no case more than two univalents were noticed in the same cell. Occasional occurrence of chromosome fragments did not exceed 1,5% (0,64% in 1045-6, and 0.80% in 1080-7). Therefore twenty more plants, from the same initial population G-1045, showed no trace of any B-chromosome. Consequently we have to accept that the supernumeraries, found in the particular plant G-1045-2 should have preexisted in its parents and transmitted through a certain mechanism to the offspring.
DISCUSSION
The present data should be considered in assoc1at1on and sequence with an initial experiment conducted by us in 1970. According to its results, among 30 plants belonging to six strains (each strain represented by five plants) only one plant was found to contain constantly a B bivalent in all its PMCs (Coucou and PAPOGLOU, in press ).
In 1971 progenies from all initial plants (one hundred and thirty five in all) were cytologically checked at meiosis with a view to obtain further information on occurrence and behaviour of B's. Only the offspring of the particular plant which was found to be a B carrier, contained supernumerary chromosomes. Certainly, we cannot overlook some decline of the selective process causing a differentiation of the initial population, yet we can reasonably postulate that the frequency of B's in Aegilops speltoides seems to be fairly low.
The one main characteristic noticed in the present material, was the occurrence of three B's as the most frequent configuration inside the meiotic spectrum. Though the situation is not an easy one to explain, it could possibly be considered as an indication of non-disjunction having taken place in embryosac mitosis. Under this condition, two homologous supernumeraries should have been transmitted through the gamete to the germ plasm of the daughter plant. Then the third chromosome, which was found in the majority of PMCs, might have arisen premeiotically leading to an increase in the number of B's. Additional support to this view comes from the relative position among supernumeraries, among which there were achiasmate or sticky associations (Fig. 14 ) , beside the normally paired trivalents. The results can be compared to those presented by FROST (1962) who interpreted the increase of the number of B's in two Crepis species (conyzaefolia and pannonica) as a result of further doubling in the germ cells, caused by an endomitotic reduplication (restricted endomitosis) which took place before meiosis. A similar report was made by RuTISHAUSER ( 1963) for Crepis capillaris, whereas MONTZING (1967) supported the numerical increase of B's on reasons of somatic premeiotic nondisjunction.
Increase in the number of supernumerary chromosomes have been reported in several cases and also in species where B chromosomes are lacking from certain parts of the plant especially roottips. In such cases the chromosomes are eliminated in the somatic line but are preserved in the germ line. Our finding of this phaenomenon in Ae. speltoides agrees with similar cases reported in Poa alpina (MiiNTZING 1948c) and Panicum coloratum (SWAMINATHAN and NATH 1956) .
A second characteristic, namely the variable meiotic spectrum given by the direct offspring of the B carrier plants has been encountered in other plant species, such as Poa alpina, Haplopappus spinulosus and the situation has been, in detail, discussed by BATTAGLIA (1964) who reported that variability of B's occur not only among populations, but also among individuals as well as among different tissues of the same individual and different cells of the same tissue. Recent information to the subject arises from the work of LEWIS et al. ( 1971) in Claytonia virginica where roots, stems and microsprocytes were found to vary in chromosome number within the same plant in 68 percent of the population studied.
Since Aegilops speltoides in one of the two outbreeding species found inside the genus (MORRIS and SEARS 1967) variation with respect to B chromosomes could have resulted from heterogeneity of the male parents.
However, all thirty plants of the initial experiment had been grown together under the same conditions, and no other plant was recognised as a B-carrier, apart from sporadic cells observed in two plants belonging to populations G-1039 (1.81%) and G-724 (0,37% ). Thus, only centric chromosome fragments, which were occasionally seen, might have been transmitted through male parents, since acentric fragments will usually eliminated. All B chromosomes, observed in the present material should therefore have originated from the female parent.
Figs. 14-15. A second source of heterogeneity would be the heterozygosity prevailing in the female parent due to the outbreeding behaviour of the species. As a result, the plants originating from the B chromosome bearing maternal plant showed multivalent configurations (apart from the supernumerary trivalents ). Some translocation heterosygosity might have taken place with or without the participation of B's resulting in further unba-lance. This phenomenon was, in particular, noticed in the abnormal plant 1045-2-10 which showed a high frequency of multivalents, including 3 cells with multiple configurations, higher than quadrivalents. It was noticed also, but far less frequently, in the plant 1045-2-2. Since the other plants of the same group ( 1045-2 family) showed only supernumerary trivalents, a possible connection between B chromosomes and translocations is not easy to explain. SIMCHEN et al. ( 1971) found also this chro· mosomal peculiarity in their material, associated or not with B-carriers, and arrived at the same ambiguous conclusion.
Some types of B trivalents (Fig. 15) suggested that pairing was not always completely homologous. These trivalents were assymetrical, as if one chromosome was an isochromosome (two arms homologous). Besides, the observed heterobivalents indicate that pairing between supernumeraries and members of the regular complement might have taken place. They might have been derived through atypical pairing, a sticky, nonchiasmate contact between a normal chromosome and a B univalent. Though the lack of non-homologous pairing is considered as a general characteristic of the B's, examples of a proved pairing between supernumerary and normal chromosomes have been reported, as in Clarkia (LEWIS 1954 ) . However, an alternative explanation could be accepted, based on breakdown of regular pairing whenever more than two B's (representing a balanced situation) were present. In this case, an interaction between B chromosomes and 5B system could be the reason, as it was suggested by MocHIZUKI ( 1964) who worked with hybrid material including Aegilops mutica, similar in meiotic mechanisms with Aegilops speltoides. Based on the results of the present study B chromosomes in Aegilops speltoides behave in a way leading to an increase rather than a decrease of their number. However, it was recognised also that together with numerical variability, variability regarding chromosomal polymorphism is increasing too, due to lack of regular distribution. Instead, a preferential migration of B's towards one of the poles seems to have taken place. Since pairing in the mother plant proved to be completely normal, the change must have occurred in later stages, possibly through postmeiotic directed distribution.
The exact mechanism whereby supernumeraries could be transmitted via the egg cell remains still obscure. However, present results can be considered convincing enough, since the male parents were free of B chromosomes and the same holds true for the somatic cells.
In conclusion: Supernumerary chromosomes do occur in Aegilops speltoides. They have the ability to increase their number through pre-or postmeiotic mechanisms and they are unstable. Since the relatively balanced system of one B-bivalent proved to be confined within limits of individuals, the present data preclude the possibility that two B chromosomes in Aegilops speltoides are a more or less stable number as it was suggested by EHRENDORFER ( 1960) for hybrids of Achillea asplenifolia.
